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MEMORY SYSTEM AND METHOD FOR
READ OPERATION BASED ON GROUPING
OF WORD LINES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 62/777,840, filed on Dec. 11, 2018, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

1. Field

Embodiments of the present disclosure relate to a scheme
for performing a read operation for a memory system.

2. Description of the Related Art

The computer environment paradigm has shifted to ubig-
uitous computing systems that can be used anytime and
anywhere. As a result, the use of portable electronic devices
such as mobile phones, digital cameras, and notebook com-
puters has rapidly increased. These portable electronic
devices generally use a memory system having memory
device(s), that 1s, data storage device(s). The data storage
device 1s used as a main memory device or an auxiliary
memory device of the portable electronic devices.

Memory systems using memory devices provide excellent
stability, durability, high information access speed, and low
power consumption, since they have no moving parts.
Examples of memory systems having such advantages
include universal serial bus (USB) memory devices,
memory cards having various interfaces such as a universal
flash storage (UFS), and solid state drives (SSDs). Memory
systems may use various read thresholds to perform read
operations.

SUMMARY

Aspects of the present invention include a memory system
and a method for performing a read operation based on word
line groups.

In one aspect, a memory system includes a memory
device including a plurality of pages coupled to a plurality
of word lines and a controller. The controller receives a read
command from a host. The controller determines a target
word line group to which a target word line corresponding,
to the read command belongs, among a plurality of word line
groups, which include respective subsets of the plurality of
word lines. The controller identifies a reference voltage
corresponding to the target word line group, among a
plurality of reference voltages. The controller controls the
memory device to perform a read operation on a target page
coupled to the target word line, among the plurality of pages,
using the reference voltage. The plurality of word line
groups are generated based on at least one of the number of
bit errors and decoding failure rates for the plurality of word
lines.

In another aspect, a method for operating a memory
system 1ncludes: receiving a read command from a host;
determining a target word line group to which a target word
line corresponding to the read command belongs, among a
plurality of word line groups, which include respective
subsets of a plurality of word lines to which a plurality of
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2

pages are coupled; i1dentifying a reference voltage corre-
sponding to the target word line group, among a plurality of
reference voltages; and controlling the memory device to
perform a read operation on a target page coupled to the
target word line, among the plurality of pages, using the
reference voltage. The plurality of word line groups are
generated based on at least one of the number of bit errors
and decoding failure rates for the plurality of word lines.

Additional aspects of the present mnvention will become
apparent from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1llustrating a data processing
system 1n accordance with an embodiment of the present
invention.

FIG. 2 15 a block diagram 1llustrating a memory system 1n
accordance with an embodiment of the present invention.

FIG. 3 1s a circuit diagram illustrating a memory block of
a memory device i accordance with an embodiment of the
present 1nvention.

FIG. 4 1s a diagram 1llustrating distributions of states for
different types of cells of a memory device.

FIGS. 5A and 5B are diagrams respectively illustrating
the number of bit errors and decoding failure rates for all
word lines when the same reference voltage 1s applied for all
pages.

FIG. 6 1s a diagram illustrating a memory system 1n
accordance with an embodiment of the present invention.

FIG. 7 1s a diagram 1illustrating an operation of generating,
a plurality of word line groups in accordance with an
embodiment of the present invention.

FIG. 8 1s a diagram 1llustrating a read level table for
mapping a plurality of word line groups into a plurality of
reference voltages 1 accordance with an embodiment of the
present mvention.

FIGS. 9A and 9B are diagrams 1llustrating distributions of
program voltages for word line groups 1n accordance with an
embodiment of the present invention.

FIG. 10 1s a flowchart illustrating a method for operating
a memory system 1n accordance with an embodiment of the
present 1nvention.

FIGS. 11 A and 11B are diagrams respectively illustrating
the number of bit errors and decoding failure rates for
different word lines when reference voltages according to a
word line group are applied for pages.

DETAILED DESCRIPTION

Various embodiments are described below 1n more detail
with reference to the accompanying drawings. The present
invention may, however, be embodied 1n different forms and
thus should not be construed as limited to the embodiments
set forth herein. Rather, these embodiments are provided so
that this disclosure 1s thorough and complete and tully
conveys the scope of the present invention to those skilled
in the art. Moreover, reference herein to “an embodiment,”
“another embodiment,” or the like 1s not necessarily to only
one embodiment, and diflerent references to any such phrase
are not necessarily to the same embodiment(s). Throughout
the disclosure, like reference numerals refer to like parts in
the figures and embodiments of the present invention.

The mvention can be implemented 1n numerous ways,
including as a process; an apparatus; a system; a computer
program product embodied on a computer-readable storage
medium; and/or a processor, such as a processor suitable for
executing 1nstructions stored on and/or provided by a
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memory coupled to the processor. In this specification, these
implementations, or any other form that the invention may
take, may be referred to as techmiques. In general, the order
ol the steps of disclosed processes may be altered within the
scope of the mvention. Unless stated otherwise, a compo-
nent such as a processor or a memory described as being
suitable for performing a task may be implemented as a
general component that 1s temporarily configured to perform
the task at a given time or a specific component that 1s
manufactured to perform the task. As used herein, the term
‘processor’ or the like refers to one or more devices, circuits,
and/or processing cores suitable for processing data, such as
computer program instructions.

A detailed description of embodiments of the invention 1s
provided below along with accompanying figures that 1llus-
trate aspects of the mnvention. The invention 1s described 1n
connection with such embodiments, but the invention 1s not
limited to any embodiment. The scope of the mvention 1s
limited only by the claims. The invention encompasses
numerous alternatives, modifications and equivalents within
the scope of the claims. Numerous specific details are set
forth 1n the following description 1 order to provide a
thorough understanding of the invention. These details are
provided for the purpose of example; the invention may be
practiced according to the claims without some or all of
these specific details. For clarity, technical material that 1s
known 1n technical fields related to the invention has not
been described 1n detail so that the mnvention 1s not unnec-
essarily obscured.

FIG. 1 1s a block diagram illustrating a data processing
system 2 1n accordance with an embodiment of the present
invention.

Referring FIG. 1, the data processing system 2 may
include a host device 5 and a memory system 10. The
memory system 10 may receive a request from the host
device 5 and operate in response to the received request. For
example, the memory system 10 may store data to be
accessed by the host device 5.

The host device 5 may be implemented with any one of
various kinds of electronic devices. In various embodiments,
the host device § may include an electronic device such as
a desktop computer, a workstation, a three-dimensional (3D)
television, a smart television, a digital audio recorder, a
digital audio player, a digital picture recorder, a digital
picture player, and/or a digital video recorder and a digital
video player. In various embodiments, the host device 5 may
include a portable electronic device such as a mobile phone,
a smart phone, an e-book, an MP3 player, a portable
multimedia player (PMP), and/or a portable game player.

The memory system 10 may be implemented with any
one of various kinds of storage devices such as a solid state
drive (SSD) and a memory card. In various embodiments,
the memory system 10 may be provided as one of various
components 1n an electronic device such as a computer, an
ultra-mobile personal computer (PC) (UMPC), a worksta-
tion, a net-book computer, a personal digital assistant
(PDA), a portable computer, a web tablet PC, a wireless
phone, a mobile phone, a smart phone, an e-book reader, a
portable multimedia player (PMP), a portable game device,
a navigation device, a black box, a digital camera, a digital
multimedia broadcasting (DMB) player, a 3-dimensional
television, a smart television, a digital audio recorder, a
digital audio player, a digital picture recorder, a digital
picture player, a digital video recorder, a digital video player,
a storage device of a data center, a device capable of
receiving and transmitting information 1n a wireless envi-
ronment, a radio-frequency 1dentification (RFID) device, as
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well as one of various electronic devices of a home network,
one of various electronic devices of a computer network, one
of electronic devices of a telematics network, or one of
various components ol a computing system.

The memory system 10 may include a memory controller
100 and a semiconductor memory device 200. The memory
controller 100 may control overall operations of the semi-
conductor memory device 200.

The semiconductor memory device 200 may perform one
or more erase, program, and read operations under the
control of the memory controller 100. The semiconductor
memory device 200 may receive a command CMD, an
address ADDR and data DATA through nput/output lines.
The semiconductor memory device 200 may receive power
PWR through a power line and a control signal CTRL
through a control line. The control signal CTRL may include
a command latch enable signal, an address latch enable
signal, a chip enable signal, a write enable signal, a read
enable signal, as well as other operational signals depending
on design and configuration of the memory system 10.

The memory controller 100 and the semiconductor
memory device 200 may be integrated in a single semicon-
ductor device such as a solid state drive (SSD). The SSD
may include a storage device for storing data therein. When
the semiconductor memory system 10 1s used 1 an SSD,
operation speed of a host device (e.g., host device 5 of FIG.
1) coupled to the memory system 10 may remarkably
improve.

The memory controller 100 and the semiconductor
memory device 200 may be integrated in a single semicon-
ductor device such as a memory card. For example, the
memory controller 100 and the semiconductor memory
device 200 may be so integrated to configure a personal
computer (PC) card of personal computer memory card
international association (PCMCIA), a compact flash (CF)
card, a smart media (SM) card, a memory stick, a multime-
dia card (MMC), a reduced-size multimedia card (RS-
MMC), a micro-size version of MMC (MMCmicro), a
secure digital (SD) card, a mini secure digital (mini1SD) card,
a micro secure digital (microSD) card, a secure digital high
capacity (SDHC), and/or a unmiversal flash storage (UFS).

FIG. 2 1s a block diagram 1llustrating a memory system 1n
accordance with an embodiment of the present invention.
For example, the memory system of FIG. 2 may depict the
memory system 10 shown i FIG. 1.

Referring to FIG. 2, the memory system 10 may include
a memory controller 100 and a semiconductor memory
device 200. The memory system 10 may operate 1n response
to a request from a host device (e.g., host device 5 of FIG.
1), and in particular, store data to be accessed by the host
device.

The memory device 200 may store data to be accessed by
the host device.

The memory device 200 may be implemented with a
volatile memory device such as a dynamic random access
memory (DRAM) and/or a static random access memory
(SRAM) or a non-volatile memory device such as a read
only memory (ROM), a mask ROM (MROM), a program-
mable ROM (PROM), an erasable programmable ROM
(EPROM), an clectrically erasable programmable ROM
(EEPROM), a f{ferroelectric random access memory
(FRAM), a phase change RAM (PRAM), a magnetoresistive
RAM (MRAM), and/or a resistive RAM (RRAM).

The controller 100 may control storage of data in the
memory device 200. For example, the controller 100 may
control the memory device 200 in response to a request from
the host device. The controller 100 may provide data read
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from the memory device 200 to the host device, and may
store data provided from the host device into the memory
device 200.

The controller 100 may include a storage 110, a control
component 120, which may be implemented as a processor
such as a central processing unit (CPU), an error correction
code (ECC) component 130, a host interface (I'F) 140 and

a memory 1nterface (I/F) 150, which are coupled through a
bus 160.

The storage 110 may serve as a working memory of the
memory system 10 and the controller 100, and store data for
driving the memory system 10 and the controller 100. When
the controller 100 controls operations of the memory device
200, the storage 110 may store data used by the controller
100 and the memory device 200 for such operations as read,
write, program and erase operations.

The storage 110 may be implemented with a volatile
memory such as a static random access memory (SRAM) or
a dynamic random access memory (DRAM). As described
above, the storage 110 may store data used by the host
device i the memory device 200 for the read and write
operations. To store the data, the storage 110 may include a
program memory, a data memory, a write buller, a read
bufler, a map bufler, and the like.

The control component 120 may control general opera-
tions of the memory system 10, and a write operation or a
read operation for the memory device 200, 1n response to a
write request or a read request from the host device. The
control component 120 may drive firmware, which 1s
referred to as a flash translation layer (FTL), to control
general operations of the memory system 10. For example,
the FTL may perform operations such as logical-to-physical
(L2P) mapping, wear leveling, garbage collection, and/or
bad block handling. The L2P mapping 1s known as logical
block addressing (LBA).

The ECC component 130 may detect and correct errors in
the data read from the memory device 200 during the read
operation. The ECC component 130 may not correct error
bits when the number of the error bits 1s greater than or equal
to a threshold number of correctable error bits, and instead
may output an error correction fail signal indicating failure
in correcting the error bits.

In various embodiments, the ECC component 130 may
perform an error correction operation based on a coded
modulation such as a low density parity check (LDPC) code,
a Bose-Chaudhuri-Hocquenghem (BCH) code, a turbo code,
a turbo product code (TPC), a Reed-Solomon (RS) code, a
convolution code, a recursive systematic code (RSC), a
trellis-coded modulation (TCM), or a Block coded modula-
tion (BCM). However, error correction 1s not limited to these
techniques. As such, the ECC component 130 may include
any and all circuits, systems or devices for suitable error
correction operation.

The host interface 140 may communicate with the host
device through one or more of various interface protocols
such as a universal serial bus (USB), a multi-media card
(MMC), a peripheral component interconnect express
(PCI-e or PCle), a small computer system interface (SCSI),
a serial-attached SCSI (SAS), a serial advanced technology
attachment (SATA), a parallel advanced technology attach-
ment (DATA), an enhanced small disk interface (ESDI), and
an integrated drive electronics (IDE).

The memory interface 150 may provide an interface
between the controller 100 and the memory device 200 to
allow the controller 100 to control the memory device 200
in response to a request from the host device. The memory
interface 150 may generate control signals for the memory
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device 200 and process data under the control of the control
component 120. When the memory device 200 1s a flash
memory such as a NAND flash memory, the memory
interface 150 may generate control signals for the memory
and process data under the control of the control component
120.

The memory device 200 may include a memory cell array
210, a control circuit 220, a voltage generation circuit 230,
a row decoder 240, a page bufler 250, which may be 1n the
form of an array of page buflers, a column decoder 260, and
an mput and output (input/output) circuit 270. The memory
cell array 210 may include a plurality of memory blocks 211
which may store data. The voltage generation circuit 230,
the row decoder 240, the page bufler array 250, the column
decoder 260 and the input/output circuit 270 may form a
peripheral circuit for the memory cell array 210. The periph-
eral circuit may perform a program, read, or erase operation
of the memory cell array 210. The control circuit 220 may
control the peripheral circuait.

The voltage generation circuit 230 may generate opera-
tion voltages of various levels. For example, 1n an erase
operation, the voltage generation circuit 230 may generate
operation voltages of various levels such as an erase voltage
and a pass voltage.

The row decoder 240 may be 1n electrical communication
with the voltage generation circuit 230, and the plurality of
memory blocks 211. The row decoder 240 may select at least
one memory block among the plurality of memory blocks
211 1n response to a row address generated by the control
circuit 220, and transmait operation voltages supplied from
the voltage generation circuit 230 to the selected memory

blocks.
The page bufler 250 may be coupled with the memory cell

array 210 through bit lines BL (shown 1n FIG. 3). The page
bufler 250 may precharge the bit lines BL with a positive
voltage, transmit data to, and receive data from, a selected
memory block in program and read operations, or tempo-
rarily store transmitted data, in response to page bulfler
control signal(s) generated by the control circuit 220.

The column decoder 260 may transmit data to, and
receive data from, the page bufler 250 or transmit and
receive data to and from the mput/output circuit 270.

The mput/output circuit 270 may transmit to the control
circuit 220 a command and an address, received from an
external device (e.g., the memory controller 100 of FIG. 1),
transmit data from the external device to the column decoder
260, or output data from the column decoder 260 to the
external device, through the input/output circuit 270.

The control circuit 220 may control the peripheral circuit
in response to the command and the address.

FIG. 3 1s a circuit diagram illustrating a memory block of
a semiconductor memory device i accordance with an
embodiment of the present invention. For example, the
memory block of FIG. 3 may be any of the memory blocks
211 of the memory cell array 210 shown 1n FIG. 2.

Retferring to FIG. 3, the exemplary memory block 211
may include a plurality of word lines WL0 to WLn-1, a drain
select line DSL and a source select line SSL coupled to the
row decoder 240. These lines may be arranged 1n parallel,
with the plurality of word lines between the DSL and SSL.

The exemplary memory block 211 may further include a
plurality of cell strings 221 respectively coupled to bit lines
BLO0 to BLm-1. The cell string of each column may include
one or more drain selection transistors DST and one or more
source selection transistors SST. In the illustrated embodi-
ment, each cell string has one DST and one SST. In a cell
string, a plurality of memory cells or memory cell transistors
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MCO0 to MCn-1 may be serially coupled between the selec-
tion transistors DST and SST. Each of the memory cells may
be formed as a multiple level cell. For example, each of the
memory cells may be formed as a single level cell (SLC)
storing 1 bit of data. Fach of the memory cells may be
formed as a multi-level cell (MLC) storing 2 bits of data.
Each of the memory cells may be formed as a triple-level
cell (TLC) storing 3 bits of data. Each of the memory cells
may be formed as a quadruple-level cell (QLC) storing 4 bits
of data.

The source of the SST 1n each cell string may be coupled
to a common source line CSL, and the drain of each DST
may be coupled to the corresponding bit line. Gates of the
SSTs 1n the cell strings may be coupled to the SSL, and gates
of the DSTs in the cell strings may be coupled to the DSL.
Gates of the memory cells across the cell strings may be
coupled to respective word lines. That 1s, the gates of
memory cells MCO0 are coupled to corresponding word line
WLO, the gates of memory cells MC1 are coupled to
corresponding word line WL1, etc. The group of memory
cells coupled to a particular word line may be referred to as
a physical page. Therefore, the number of physical pages 1n
the memory block 211 may correspond to the number of
word lines.

The page bufler array 250 may include a plurality of page
builers 251 that are coupled to the bit lines BL0O to BLm-1.
The page buflers 251 may operate 1n response to page buller
control signals. For example, the page bullers 251 my
temporarily store data received through the bit lines BLO to
BLm-1 or sense voltages or currents of the bit lines during
a read or verily operation.

In some embodiments, the memory blocks 211 may
include a NAND-type flash memory cell. However, the
memory blocks 211 are not limited to such cell type, but may
include NOR-type flash memory cell(s). Memory cell array
210 may be implemented as a hybrid flash memory 1n which
two or more types ol memory cells are combined, or
one-NAND flash memory 1n which a controller 1s embedded
inside a memory chip.

In some embodiments, the memory blocks 211 may
include a NAND-type flash memory cell. However, the
memory blocks 211 are not limited to such cell type, but may
include NOR-type tlash memory cell(s). Memory cell array
210 may be implemented as a hybrid flash memory in which
two or more types of memory cells are combined, or
one-NAND flash memory 1n which a controller 1s embedded
inside a memory chip.

A memory device such as a flash memory (e.g., NAND
flash memory) may include a plurality of memory blocks
(e.g., hundreds to thousands of memory blocks). Each block
typically may include a plurality of wordlines (e.g., hun-
dreds of wordlines). Each cell coupled to each wordline may
include multiple logical pages. The memory device may
include a plurality of memory cells and store multiple bits
per cell by modulating the cell into different states or
program voltage (PV) levels through a programming opera-
tion.

FIG. 4 1s a diagram 1llustrating distributions of states or
program voltage (PV) levels for diflerent types of cells of a
memory device.

Referring to FIG. 4, each of memory cells may be
implemented with a specific type of cell, for example, a
single level cell (SLC) storing 1 bit of data, a multi-level cell
(MLC) storing 2 bits of data, a triple-level cell (TLC) storing
3 bits of data, or a quadruple-level cell (QLC) storing 4 bits
of data. Usually, all memory cells 1n a particular memory
device are of the same type, but that 1s not a requirement.
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An SLC may include two states PO and P1. PO may
indicate an erase state, and P1 may indicate a program state.
Since the SLC can be set 1n one of two different states, each

SL.C may program or store 1 bit according to a set coding
method. An MLC may include four states PO, P1, P2 and P3.

Among these states, PO may indicate an erase state, and P1
to P3 may indicate program states. Since the MLC can be set
in one of four different states, each MLC may program or
store two bits according to a set coding method. A TLC may
include eight states PO to P7. Among these states, PO may
indicate an erase state, and P1 to P7 may indicate program
states. Since the TLC can be set 1n one of eight different
states, each TLC may program or store three bits according
to a set coding method. A QLC may include 16 states PO to
P15. Among these states, PO may indicate an erase state, and
P1 to P15 may indicate program states. Since the QLC can
be set 1n one of sixteen different states, each QLC may
program or store four bits according to a set coding method.

As such, for an n-bit multiple level cell flash memory,
cells can be modulated into multiple states based on their
program voltage levels. SLC, MLC, TLC and QLC memo-
ries can store one bit, two bits, three bits and four baits
respectively in each cell using 2, 4, 8 and 16 possible states
respectively. In order to determine the bit stored 1n a cell, the
cell may be read with a reference voltage which lies between
the adjacent program voltage levels. Since the program
voltage of a cell 1s noisy, 1.e., fluctuates somewhat, some bits
may be read erroneously. An error correction code such as
BCH code or LDPC code may be required to detect and
correct errors of cells. When the number of errors 1s large,
correction 1s not possible and thus decoding fails. In that
case, the corresponding page has to be read again using a
different reference voltage. In other words, read retry opera-
tions may be performed. The read retry operations may
increase the latency of read operations and reduce the
overall performance of a memory system. Therefore, 1t 1s
desirable that a reference voltage for a first read operation be
chosen carefully to reduce a decoding failure rate. However,
in a conventional memory system, the same reference volt-
age 1s applied for all pages.

FIGS. 5A and 5B are diagrams respectively illustrating
the number of bit errors and decoding failure rates for all
word lines (WLs) when the same reference voltage 1s
applied for all logical pages for TLC NAND flash memory.

In (Case a) of FIGS. SA and 5B, it 1s observed that the
number of bit errors and decoding failure rates of most
significant bit (MSB) pages 1n the first half of all WLs (1.e.,
first WL to mid WL) are greater than those of MSB pages 1n
the second half of the WLs (1.e., mid WL to last WL). In
(Case b) of FIGS. SA and 3B, it 1s observed that the number
of bit errors and decoding failure rates of least significant bat

(LSB) pages 1n the second half of the WLs are greater than
those of LSB pages 1n the first half of the WLs. In other

words, the MSB pages i the first half of the WLs and the
L.SB pages in the second half of the WLs are significantly
worse than other pages.

Various embodiments provide a scheme 1n which refer-
ence voltages for the first read attempt are chosen based on
the grouping of word lines (WLs) mto two or more groups.
The scheme may apply a different reference voltage to a
target page to be read, depending on the WL group to which
a word line coupled to the target page belongs. The scheme
may reduce the number of incorrect bits 1n data read from
the target page and reduce the decoding failure rate.

FIG. 6 1s a diagram 1llustrating a memory system 10 1n
accordance with an embodiment of the present invention.
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Referring to FIG. 6, the memory system 10 may include
a control component 120, a memory device 200 and a
memory 600. The control component 120, the memory
device 200 and the memory 600 of FIG. S may be imple-
mented as the components of the memory system 10 shown
in FIG. 2. The control component 120 and the memory 600
may be components of the controller 100 in FIG. 2. Alter-
natively, the memory 600 may be a component which 1s
located outside and coupled to the controller 100.

The control component 120 may include firmware (FW).
The memory 600 may include a read level table (RLT) 610.
The memory device 200 may include a plurality of memory
blocks 211 and a voltage generation circuit 230, as shown in
FIG. 2. All WLs of the memory blocks 211 may behave
differently due to the physical layout of the memory device
200, for example, 3D NAND Flash memory. This results 1n
different distributions of program-voltages for cells 1 dii-
ferent WLs. Accordingly, in some embodiments, all WLs
may be grouped to two or more groups based on their
physical location, as shown 1n FIG. 7, such that cells in the
same WL group have similar distribution of program volt-
ages, and cells i different WL groups have substantially
different distributions of program voltages, as shown 1n
FIGS. 9A and 9B. In such a case, the optimal reference
voltage which minimizes the number of errors may be
different for different WL groups, as shown 1n FIG. 8.

FIG. 7 1s a diagram 1llustrating an operation of generating,
a plurality of word line groups in accordance with an
embodiment of the present invention. The operation of FIG.
7 may be performed by the control component 120 of FIG.
6.

Referring to FIG. 7, the control component 120 may
group a plurality of word lines (WLs) to generate a plurality
of word line (WL) groups. By way of example and not
limitation, n word lines WLO to WL (n-1) may divided to
generate k word line groups GROUPO to GROUP (k-1).
Word lines WLO0 and WL1 belong to a first word line group
GROUPO. Word lines WL2 and WL3 belong to a second
word line group GROUP1, Word lines WL4 and WLS
belong to a third word line group GROUP2. Word lines WL
(n-2) and WL (n-1) belong to a k-th word line group GROUP

(k-1). Although FIG. 7 illustrates that a word line group
includes two word lines, the number of word lines 1n a word
line group may be greater than 2. The number of word lines
in a word line group may be determined based on error
characteristics such as the number of bit errors and decoding
tailure rates for all of the word lines in the system of interest,
as shown 1n FIGS. SA and 3B.

In some embodiments, the plurality of word lines may be
divided 1nto 2 word line groups including a first word line
group and a second word line group. The first word line
group may include a first word line and successively adja-
cent word lines subsequent to the first word line (e.g., the
first half word lines 1n FIGS. SA and 5B). The second word
line group may include the remaining word lines up to a last
word line (e.g., the second half word lines 1n FIGS. SA and
5B). More generally, each group contains a set of word lines
that have cells with similar program voltage distributions
and thus to which the same optimal reference voltage may
be applied. The number of word lines 1n a group may vary,
as may the number groups, which may be any suitable
number of 2 or more.

FIG. 8 1s a diagram 1illustrating an operation of mapping
a plurality of word line groups to a plurality of optimal
reference voltages respectively in accordance with an
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embodiment of the present invention. The operation of FIG.
8 may be performed by the control component 120 of FIG.
6.

Retferring to FIG. 8, the plurality of word line groups
GROUPO to GROUP (k-1) may be mapped to the plurality
of optimal reference voltages VREF0 to VREF (k-1) respec-
tively. For example, a first word line group GROUPO may be
mapped to a first optimal reference voltage VREF0, and a
k-th word line group GROUP (k-1) may be mapped to a k-th
optimal reference voltage VREF (k-1).

Betfore performing the operation of FIG. 8, the control
component 120 may determine an optimal reference voltage
for each word line group, which minimizes the number of
errors, such as the number of bit errors and decoding failure
rates. The optimal reference voltage for each word line
group may be determined through an ofiline or online
search.

FIG. 9A 1illustrates combined distribution of program
voltages for all word line groups. FIG. 9B illustrate distri-
butions of program voltages for two word line groups. In
FIGS. 9A and 9B, x-axis represents NAND cell program
voltage, and y-axis represents probability of success of the
program voltages. As shown mn FIG. 9A, one optimal
reference voltage 1s 1dentified as shown. In FIG. 9B, two
different optimal reference voltages are identified, one that
minimizes the number of errors in WL group A and another
that minimizes the number of errors in WL group B.

Reterring back to FIG. 6, the control component 120 may
store the mapping relationship between the plurality of word
line groups and the plurality of reference voltages 1n the read
level table 610.

The control component 120 may receive a read command
and a logical address associated with the read command
from a host (e.g., the host of FIG. 1). The control component
120 may translate the logical address 1nto a physical address,
and determine a target word line group among a plurality of
word line groups. The target word line group may be a word
line group to which a target word line corresponding to the
physical address belongs.

The control component 120 may determine a reference
voltage corresponding to the target word line group, among
a plurality of reference voltages. The control component 120
may control the memory device 200 to perform a read
operation on a target page coupled to the target word line,
among the plurality of pages. In other words, the control
component 120 may provide the memory device 200 with
information on the determined reference voltage and the
target page. The voltage generation circuit 230 may receive
the information, generate the reference voltage in response
to the information. The generated reference voltage may be
provided to the target page 1n a target memory block of the
memory blocks 211. Thus, the read operation may be
performed on the target page using the reference voltage.

FIG. 10 1s a tflowchart illustrating a method 1000 for
operating a memory system 1n accordance with an embodi-
ment of the present invention. The method 1000 may be
performed by the control component 120 of FIG. 6

Reterring to FIG. 10, the method 1000 may include steps
1010 to 1040. At step 1010, the control component 120 may
receive a read command from a host.

At step 1020, the control component 120 may determine
a target word line group to which a target word line
corresponding to the read command belongs, among a
plurality of word line groups. Each word line group may
include a respective subset of all of the word lines to which
the pages are coupled. Step 1020 may include translating a
logical address corresponding to the read command into a
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physical address, and determining the target word line group
to which the target word line corresponding to the physical
address belongs.

The control component 120 may store, in the memory
600, a plurality of reference voltages for the plurality of
word line groups. A respective reference voltage may cor-
respond to a respective word line group in a one-to-one
relationship. Such correspondence may be stored in the RLT

610.

At step 1030, the control component 120 may determine
the reference voltage corresponding to the target word line
group. The control component 120 may access the RLT 610
to 1dentity the reference voltage corresponding to the target
word line group.

At step 1040, the control component 120 may control the
memory device 200 to perform a read operation on a target
page coupled to the target word line, among the plurality of
pages, using the reference voltage. The target page may be
determined by the physical address corresponding to the
logical address of the read command. In step 1040, the
controller 100 may provide the memory device 200 with
information on the 1dentified reference voltage. The voltage
generation circuit 230 may receive the information from the
controller 100. The voltage generation circuit 230 may
generate the reference voltage and provide the target word
line with the reference voltage.

FIGS. 11 A and 11B are diagrams 1illustrating the number
of bit errors and decoding failure rates for different word
lines, respectively, in accordance with an embodiment of the
present invention.

Referring to FIGS. 11A and 11B, 1t 1s 1llustrated that the
number of errors and the average decoding failure rates for
all word lines when the reference voltage for a page depends
on its word line group. In comparison with FIGS. 5A and 5B,
both the number of errors and the average decoding failure
rate are significantly lowered.

As described above, the controller 1n accordance with
embodiments may apply an optimal reference voltage based
on a word line group to which a target page to be read

belongs. Embodiments may reduce the number of error bits
in data read from the target page, and reduce the decoding
failure rate.

Although the foregoing embodiments have been 1llus-
trated and described in some detail for purposes of clarity
and understanding, the present invention is not limited to the
details provided. There are many alternative ways of imple-
menting the invention, as one skilled in the art will appre-
ciate 1n light of the foregoing disclosure. The disclosed
embodiments are thus illustrative, not restrictive. The pres-
ent 1vention 1s intended to embrace all modifications and
alternatives that fall within the scope of the claims.

What 1s claimed 1s:

1. A memory system comprising:

a memory device including a plurality of pages coupled to
a plurality of word lines; and

a controller, coupled to the memory device, suitable for:

receiving a read command from a host;

determining a target word line group to which a target
word line corresponding to the read command belongs,
among a plurality of word line groups, which include
respective subsets of the plurality of word lines;

identifying a reference voltage corresponding to the target
word line group, among a plurality of reference volt-
ages; and
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controlling the memory device to perform a read opera-
tion on a target page coupled to the target word line,
among the plurality of pages, using the reference volt-
age,

wherein the plurality of word line groups are generated
based on at least one of the number of bit errors and

decoding failure rates for the plurality of word lines.

2. The memory system of claim 1, wherein the controller
translates a logical address corresponding to the read com-
mand 1nto a physical address, and determines the target word
line group based on the physical address.

3. The memory system of claim 1, wherein the controller
includes a memory storing the plurality of reference voltages
in association with the plurality of word line groups, a
respective reference voltage corresponding to a respective
word line group 1n a one-to-one relationship.

4. The memory system of claim 1, further comprising:

generating the plurality of word line groups based the

number of bit errors and decoding failure rates for a
combination of the plurality of word lines and logical
pages coupled to the plurality of word lines.

5. The memory system of claim 4, wherein the plurality
of word line groups 1ncludes a first word line group 1n which
all word lines have a first characteristic, and a second word
line group 1n which all word lines have a second character-
1stic.

6. The memory system of claim 1, wherein the controller
provides the memory device with information on the refer-
ence voltage, and

wherein the memory device includes a voltage generation

circuit, which receives the information from the con-
troller, generates the reference voltage and provides the
target word line with the reference voltage.

7. A method for operating a memory system comprising:

recerving a read command from a host;
determining a target word line group to which a target
word line corresponding to the read command belongs,
among a plurality of word line groups, which include
respective subsets of a plurality of word lines to which
a plurality of pages are coupled;

identifying a reference voltage corresponding to the target
word line group, among a plurality of reference volt-
ages; and

controlling the memory device to perform a read opera-

tion on a target page coupled to the target word line,
among the plurality of pages, using the reference volt-
age,

wherein the plurality of word line groups are generated

based on at least one of the number of bit errors and
decoding failure rates for the plurality of word lines.

8. The method of claim 7, wherein the determining of the
target word line group comprises:

translating a logical address corresponding to the read

command 1nto a physical address; and

determiming the target word line group based on the

physical address.

9. The method of claim 7, further comprising;:

storing, 1n a memory, the plurality of reference voltages in

association with the plurality of word line groups, a
respective reference voltage corresponding to a respec-
tive word line group in a one-to-one relationship.

10. The method of claim 7, further comprising:

generating the plurality of word line groups based on the

number of bit errors and decoding failure rates for a
combination of the plurality of word lines and logical
pages coupled to the plurality of word lines.
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11. The method of claim 10, wherein the plurality of word
line groups includes a first word line group 1n which all word
lines have a first characteristic, and a second word line group
in which all word lines have a second characteristic.

12. The method of claim 7, wherein the controlling of the
memory device to perform the read operation comprises:

providing, by a controller, a memory device with infor-

mation on the reference voltage;

receiving, by a voltage generation circuit of the memory

device, the information from the controller;
generating, by the voltage generation circuit, the reference
voltage; and

providing, by voltage generation circuit, the target word

line with the reference voltage.

13. A memory system comprising:

a memory device including a plurality of pages coupled to

a plurality of word lines; and
a controller coupled to the memory device, suitable for:

generating a plurality of word line groups based on at least
one of the number of bit errors and decoding failure
rates for the plurality of word lines;

receiving a read command from a host;

determining a target word line group to which a target
word line corresponding to the read command belongs,
among the plurality of word line groups, which include
respective subsets of the plurality of word lines;

identifying a reference voltage corresponding to the target
word line group, among a plurality of reference volt-
ages; and
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controlling the memory device to perform a read opera-
tion on a target page coupled to the target word line,
among the plurality of pages, using the reference volt-
age,

wherein the plurality of word line groups i1s generated

based on at least one of the number of bit errors and
decoding failure rates for a combination of the plurality
of word lines and logical pages coupled to the plurality
of word lines.

14. The memory system of claim 13, wherein the con-
troller translates a logical address corresponding to the read
command 1nto a physical address, and determines the target
word line group based on the physical address.

15. The memory system of claim 13, wherein the con-
troller includes a memory storing the plurality of reference
voltages 1n association with the plurality of word line
groups, a respective reference voltage corresponding to a
respective word line group in a one-to-one relationship.

16. The memory system of claim 13, wherein the plurality
of word line groups 1ncludes a first word line group 1n which
all word lines have a first characteristic, and a second word
line group which all word lines have a second characteristic.

17. The memory system of claim 13, wherein the con-
troller provides the memory device with information on the
reference voltage, and

wherein the memory device includes a voltage generation

circuit, which receives the information from the con-
troller, generates the reference voltage and provides the
target word line with the reference voltage.
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